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ABSTRACT

A Class IT inspection was conducted at Intalco on July 25-27, 1988. Intalco is a large primary
aluminum smelter near Ferndale, Washington, with two outfalls into the Strait of Georgia.
Lffluent and receiving water sediment samples were collected for general chemistry, priority
pollutant, and bioassay analyses. Both discharges met permit limits. Very high concentrations
of PAHs and PCBs were found in the sediments near the process wastewater (001) outfall.
Some PAHs were also found in the 001 discharge.






INTRODUCTION

A Class I inspection was conducted at Intalco on July 25-27, 1988. Intalco is a large primary
aluminum smelter located near Ferndale (Figure 1). The smelter discharges into the Strait of
Georgia through two outfalls: 001 or SP-10 which discharges treated process wastewater,
casthouse cooling water, and treated sanitary waste; and 002 or D-10 which discharges
stormwater runoff and once through non-contact cooling water. An aerated lagoon treats
sanitary wastes generated onsite. Discharge is limited by NPDES Permit No. WA-000295-(.

The inspection was conducted by Pat Hallinan and Marc Heffner of the Ecology Compliance
Monitoring Section (CMS). Assisting from Ecology were Kelly Ryan of the Industrial Section
and Norm Glenn of CMS. John Michaelson, Dave Leslie, and Dave Mendelsohn represented
Intalco during the inspection. Intalco retained a consultant, ENSR, to monitor the inspection.
Cari Rawlinson represented ENSR during the inspection.

Objectives of the inspection included:

e Assess NPDES permit limit compliance with independent sample collection and
laboratory analysis.

e Assess the permittee’s self-monitoring by reviewing laboratory, sampling, and flow
measurement procedures; and splitting samples for Ecology and Intalco analysis.

e Characterize effluent and receiving water sediment toxicity with general chemistry
analyses, priority pollutant scans, and bioassays.

PROCEDURES

Ecology sampling included both grab and composite samples. Ecology Isco priority pollutant
composite samplers were set up to sample the 001 discharge near the effluent Parshall flume
and the 002 discharge near the effluent Cipolletti weir. Approximately 180 mLs of sample
were collected every 30 minutes for 24 hours. Sample collection jugs were iced to cool samples
as they were collected. Accompanying hand composites, comprised of three grab samples,
were collected for bioassay tests. Mechanical composites using Intalco equipment were
considered for bioassay sample collection, but the sample volume required could not be cooled
during collection so the idea was abandoned. The hand composite samples were refrigerated
in an Intalco walk-in cooler between sampling times. Field quality assurance included special
composite sampler cleaning prior to the inspection and collection of an on-site transfer blank
sample (Table 1). Sampling times and parameters analyzed are included in Table 2.

Composite and grab samples were also collected by Intalco. The Intalco conventional
composite samplers collected equal volumes of sample every 30 minutes for 24 hours. The
samples were not cooled during collection. The exception was an aliquot of the 001 sample
for Benzo(a)Pyrene analysis, which was routed into a separate cooled container. Intalco
maintains continuous pH and temperature monitoring on both discharges. Sampling times
and parameters analyzed are included in Table 2.



Sediment samples were collected usinga 0.1 m2 van Veen grab sampler following Puget Sound
Protocols (Tetra Tech, 1986). Four sites were sampled as noted in Figure 2; one near outfall
001, one near outfall 002, a sample to estimate background conditions, and a recheck of an
area where high cyanide and fluoride concentrations were found in 1987 (Rensel, 1987). At
each station grab samples were collected until an adequate sample was available for all
analyses. Only the top two centimeters of sediment were used from each grab. A bottle for
volatile organic (VOA) analysis was filled directly from the sampler; one-half from each of the
first two grabs. The remainder of the top two centimeters was composited using priority
pollutant cleaned stainless steel equipment (Table 1). The composite was stirred until
homogenous and placed in appropriate containers. Sampling times and parameters analyzed
are summarized in Table 2.

All samples were split for analysis by Ecology and Intalco. Samples for analysis by Ecology
were placed on ice and shipped to the Ecology/EPA Laboratory in Manchester. Ecology
analytical methods are summarized in Table 3.

Intalco routinely measures flow of both the 001 and 002 discharges. The 001 flow is measured
at a 24-inch Parshall flume and the 002 flow is measured at a four-foot Cipolletti weir. Ecology
instantaneous flow measurements were made at both discharges.

RESULTS AND DISCUSSION

Laboratory procedures were reviewed by Kelly Ryan. Issues related to techniques used were
handled by Kelly outside the scope of the inspection report. Sample splitting was extensive,
so both Ecology and Intalco laboratory results are presented on most tables. Table 3 includes
a summary of the laboratories performing analysis for Ecology and Intalco.

Flow Measurement

The Ecology instantaneous measurements and Intalco plant meter measurements agreed
closely for the 001 discharge (Table 4). The Parshall flume was slightly narrower than standard
specifications (23.5 inches compared to the standard 24 inches), but this is not considered a
problem.

The accuracy of Intalco 002 discharge inspection flow measurements could not be assessed
(Heffner, 1988). The measurement structure is designed for stormwater flows rather than the
relatively small dry weather flow that occurred during the inspection (Table 4) . A minimum
head of 0.2 feet is recommended for a Cipolletti weir (Isco, 1985). Head heights during the
inspection ranged from 0.11-0.15 feet. Thus, accurate low flow measurements would require
weir modification. Figure 3 includes the recommended configuration of a Cipolletti weiralong
with the field measurements. Although the height of the weir above the channel bottom is
less than the 2HMax recommendation, it does meet the absolute minimum criteria of one foot
(Isco, 1985).



General Chemistry Results and NPDES Permit Limits Comparison

General chemistry and permit metals results are presented in Table 5 (Grab Samples) and
Table 6 (Composite Samples). Both discharges had near neutral pH and low nutrient
concentrations. The Intalco continuous pH and temperature monitors compared acceptably
with the Ecology grab sample results.

The chlorine residual concentration was <0.1 mg/L in 002, but was detected at 0.1 mg/L in
one of the 001 samples. The sanitary waste treatment lagoon effluent is chlorinated at fairly
high concentrations, 2.0-3.0 mg/L total chlorine residual, possibly accounting for the chlorine
detected in the (001 discharge. The lagoon effluent coliform counts were all <1 organism/100
mLs, suggesting that excess chlorine was being used. Attempts to reduce the chlorine residual
while maintaining low fecal coliform counts should be made. A residual of 0.5 mg/L or less
usually provides adequate disinfection. Intalco was checking only free chlorine; comparison
with Ecology results was poor. The age of the Intalco test kit chemicals was unknown, so
replacement with fresh chemicals was suggested (Heffner, 1988). Also, measurement of total
chlorine residual is appropriate.

The 001 discharge met most permit parameters (Table 7). TSS measurements from the Intalco
sampler were above the Daily Average Limit. Aluminum effluent loads were greater than the
daily maximum, but allowance is made in the permit to deduct the intake water load prior to
comparison with the permit. Water purchased for plant use has been treated with alum. The
intake concentration was not measured during the inspection, but Intalco reported that the
concentration usually varies between 400-1400 ug/L, roughly the same range as the inspection
effluent samples (600-1300 ug/L). Thus actual permit violation was unlikely. Aswith the TSS
samples, higher Al concentrations were found in the Intalco sampler. Inspection of the
sampler intake location and review of cleaning procedures may be useful.

The 002 discharge is primarily for stormwater. Flow was low during the dry weather inspection
sampling and the discharge was within permit limits (Table 7). Parameters measured were
generally at low concentrations, although some fluoride and fecal coliforms were found in the
discharge.

Priority Pollutants - Water

Table 8 summarizes the priority pollutants found in the water samples. Parameters analyzed
and detection limits for the Ecology analysis are included in the Appendix.

Four VOA compounds were found at low concentrations in the samples. The same
compounds were also found in the field and/or method blank. Thus, the VOAs detected were
likely due to field or laboratory contamination.

Several polynuclear aromatic hydrocarbons (PAHs) were found in the 001 discharge. Similar
parameter lists were detected by Ecology (ARI) and Intalco (Laucks), although the Intalco
result concentrations were two to five times greater than the Ecology results. Phenanthrene,
Fluoranthrene, and Pyrene were found in the highest concentrations by Ecology and Intalco
(Table 8). Benzo(a)Pyrene, the parameter included in the NPDES Permit as an indicator of



PAH contamination, was not detected. Permit monitoring for the PAHs detected during the
inspection may be useful.

Several metals were also found at low concentrations.

Also included on Table 8 is a summary of State Water Quality Standards Toxicity Criteria
(Ecology, 1988c: EPA, 1986b). All parameterswere below criteria with the possible exception
of cyanide. One of the grab samples had a reported concentration of 2 ug/L, which is slightly
more than the saltwater acute and chronic criteria of 1 ug/L.

Bioassays - Water

Two freshwater organism tests, Daphnia and trout, and two saltwater organism tests, Pacific
oyster larvae and echinoderm (sand dollar), were conducted. The samples were also used by
the Ecology laboratory to test a modified feeding procedure for Ceriodaphnia, an additional
freshwater test. Although standard protocols were modified, the Ceriodaphnia results are
included for comparison. Effluent bioassay results are summarized in Table 9.

The freshwater organisms indicated no acute toxicity at the 100 percent effluent concentration
due to either discharge. Ceriodaphnia reproduction results suggest possible inhibition due to
the 001 effluent and possible enhancement due to the 002 effluent.

The saltwater tests required dilution of the effluents with saltwater to provide enough salinity
for the test organisms. The oyster larve test was run with a maximum of 40 percent effluent
by Ecology and 32 percent effluent by Intalco (EVS). Mortality due to the effluents was not
significant. Increased abnormalities were observed in the 001 sample by Ecology and Intalco
laboratories, with the EC50 estimated to be 26 percent by Ecology and 27.8 percent by Intalco.

Echinoderm test concentrations were set up to a maximum of 50 percent effluent. Fertilization
rates greater than 50 percent were not achieved in either the Ecology or Intalco (EVS) salinity
control dilutions greater than 12.5 percent. Fertilization in the Intalco test was less than in the
Ecology test. No significant toxic response in excess of the saltwater control was noted in the
Ecology 001 and 002 effluent tests. A reduction in fertilization was observed in excess of the
salinity control in the Intalco 002 effluent test.

Priority Pollutants - Sediments

Table 10 summarizes the priority pollutants found and other parameters analyzed in the
sediment samples. Sampling station locations are identified in Figure 2. Parameters analyzed
and detection limits for the Ecology analysis are included in the Appendix.

Analytes found in the sediments included PAHs, PCBs (polychlorinated biphenyls), and
metals. Aswith the water samples, the Ecology (ARI) and Intalco (Laucks) laboratories found

similar pollutants, with the Intalco results roughly one to four times the Ecology results.

Very high concentrations of several PAHs and PCB Aroclor-1242 were found in the sediments
near the 001 outfall. The three PAHs found in the highest concentrations in the sediment,
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Fluoranthrene, Phenanthrene, and Pyrene, were also found in the highest concentrations in
the 001 effluent samples. It is unclear if the present discharge concentrations could account
for the observed sediment concentrations. PCBs, numerous PAHs, and two metals exceeded
the proposed AET criteria for sediments (Ecology, 1988b). The sediment concentrations
exceeded the proposed AET by more than 100 times for several of the PAHs and PCB
Aroclor-1242.

Many of the same compounds were found at lower concentrations at the other sites. The
LAET and ACR NOEC criteria were exceeded for PCBs in the sediments collected near
outfall 002. The ACR NOEC criteria were exceeded for Cr and/or Ni in the 002, background,
and recheck samples.

Cyanide concentrations at the recheck station were <0.15 mg/Kg-dry wt, much less than the
88-110 mg/Kg-dry wt reported in 1987 (Rensel, 1987). The 1987 samples were cores, with only
general descriptions of station locations. The Class II sample was of the top two centimeters
at a location fitting the general description provided.

Bioassays - Sediment

An amphipod bioassay (Rhepoxynius abronius) was run on each of the four inspection
sediments and a control sediment (Table 11). The control sediment was collected along with
the test amphipods. Proposed Ecology sediment criteria establish survival greater than 75
percent or greater than survival at an approved reference station, whichever is less, as a passed
bioassay (Ecology, 1988b). Reference station data were not collected during the inspection,
thus, 75 percent survival is used as a guideline for results interpretation. On this basis, all
Ecology (Invert Aid) results would indicate a passed bioassay. The Intalco (EVS) results
would be considered passing except for the 001 sediment. Comparison of the chemical data
to the AETS suggests that bioassay failure by the 001 sediment would be expected.

RECOMMENDATIONS AND CONCLUSIONS

Flow Measurement

The 001 outfall flow meter appeared to be measuring accurately during the inspection.

The 002 outfall weir was designed for stormwater flow measurement. The configuration
looked appropriate, but the dry weather inspection flow was below the minimum level of
accuracy.

General Chemistry Results and Comparison to NPDES Permit Limits

The discharges were within permit limits during the inspection. The aluminum limit could not

be completely evaluated because the intake load was not measured. Collection of an intake
sample for aluminum analysis is recommended for the next inspection.



Chlorination of the treated sanitary wastes was of some concern:

1. The lagoon effluent had a fairly high total chlorine residual, 2.0-3.0 mg/L. Generally,
a chlorine residual of 0.5 mg/L or less provides adequate disinfection. The residual
should be reduced to the minimum necessary for disinfection.

2. Intalco was testing only free chlorine residual with chemicals of unknown age. Fresh
chemicals and measurement of total chlorine residual are recommended.

The sample split from the Intaleo 001 sampler appeared to have higher concentrations of TSS
and Al than the similar Ecology sample. Inspection of the 001 sampler to assure an unbiased
sample is recommended.

Priority Pollutants - Water

Several PAHs were found in the 001 effluent sample. Those found did not include
Benzo(a)Pyrene, the PAH limited by the NPDES permit. Re-evaluation of Benzo(a)Pyrene
as a suitable indicator of PAH contamination is recommended. Permit monitoring for those
PAHs found in the effluent and/or sediment during the inspection may prove more useful.

Bioassays - Water

No acute toxicity was observed in the effluent samples. Minimal chronic effects were possibly
observed in the 001 effluent sample Ceriodaphnia and Pacific oyster larvae bioassays.

Priority Pollutants - Sediments

Sediments near the 001 outfall had PAH and PCB concentrations greatly exceeding AETs.
The three compounds found at the highest concentrations in the 001 sediment were also found
in the highest concentrations in the 001 effluent. Many of the same compounds were found
in the other inspection sediments, but generally below AET concentrations.

'The high concentrations observed near the 001 outfall warrant further investigation. Defining
the extent of the highly contaminated area is the recommended first step.

Bioassays - Sediments

Ecology bioassays resulted in greater than 75 percent Rhepoxynius survival for all the sediments
tested. Intalco bioassay survival was greater than 75 percent in all sediments except near the
001 outfall, which had only 53 percent survival. Based on comparison of the chemical data to
the AETS, less than 75 percent survival would be expected in the 001 sediment.
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TABLES



Table 1 - Priority Pollutant Cleaning and Field Transfer Blank
Procedures - Intalco, July 1988

PRIORITY POLLUTANT SAMPLING EQUIPMENT CLEANING PROCEDURES

Wash with laboratory detergent

Rinse several times with tap water

Rinse with 10 percent HNO3 solution

Rinse three (3) times with distilled/deionized water
Rinse with high purity methylene chloride

Rinse with high purity acetone

Allow to dry and seal with aluminum foil

~NOY W

FIELD TRANSFER BLANK PROCEDURE

1. Pour organic free water directly into appropriate bottles for
parameters to be analyzed from grab samples (VOA).

2. Run approximately 1L of organic free water through a compositor and
discard.
3. Run approximately 6L of organic free water through the same

compositor and put the water into appropriate bottles for
parameters to be analyzed from composite samples (BNA,
Pesticide/PCB, and metals).
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Table 4 - Flow Measurements - Intalco, July 1988

001 Outfall

Instantanecus Flow Flow for
Date (MGD) Total- time
izer increment
Month Day Time Ecology  Intalco  reading (MGD)
7 26 1540 5.8 5.7 793464
6.0
7 27 1015 6.0 5.8 795211

Average flow during inspection = 6.0 MGD

002 Outfall

Instantaneous Flow Flow for
Date (MGD) Total- time
izer increment
Month Day Time Ecology Intalco reading {MGD)
7 26 925 0.48 0.55 159692
0.64
7 26 1625 0.38 0.60 159763
0.52
7 27 900 0.34 0.47 159899

Average flow during inspection = 0.56 MGD



ueyl ss81 - 0

*oanpevdoid TENPISBI BUTIOTYD TEIOF JO 2INSun Tauuosiad ODTBIUT - wy
*Butiytap sem asgew Jd LBoyooy -

'S1933W BUTIT-UT 9y} woaj udayel sjuawsanseaw gd pue dws] 027BIUT - +

nt Jul
0t 0334 0611
ni sx 101 70 Jul
1l 0°¢ 06T 094 SE60 L2/t
7°0 Ul
0t 0°¢ 024 Ge9l 9z/L uoofeT
69 024 Svil
1 as 0Z1 1°0> [N 8°0¢C uL
a1t ne A 01¢ 170> 170> 0z1 0L $°0¢C o621 G680 LZ/L
0 ns 611 1°0> €L 0% Jul
i ne 9t1 170> 1°0> 011 % 679 87T 00d rA 9¢/L 200
nt ©oy SeTl
1 ns 90T 170 9L 0722 AT
[4 Z 9127 a1 1°0 170> 1314 7L 8°7¢ SRk 5560 LefL
0 s 0t 1°0 9L 0°¢€Z Jur
£ ne ive 1°0> 170> 0¢t 2 174 [AR X4 02y 0091 9t/¢L 100
(1/3u) (7/3n) (wd /soyum) (U/001/#) 12301 EEETE] (wo/soyumn) ('(1°%) (0) qe] |WIT], 3j3eq a1dueg
ISEVIY 8pTuURAn puo)n T100 ‘4 puon + Hd + dusy,
R 110 (1/3w) “sel suriolyy
S9SATeUY K103EI0QET] S9SATEUY DPI°oTJ]

8861 AInf ‘od[BIUI - siTnsay oTdwes qeiy AIISTWaY) [®IBUBY - ¢ BIQRL

19



ueyl ss97 -
“LT7/7 uvo Gwg0 3B puB ‘97/7 UO GT/T 3B ‘Q7// U0 GITT 1B P3IDATIOD saumjoa Tenby - ux
*LT/L U0 G0 B PUB ‘Q7// UO GT/T I'B ‘9Z// UO QQOTT 1B PIIDSTTOD seumioa Tenby -

6°0 L'z 811 Juy
4 7'C 9¢1 #3 L2-92/1 ekt JUT -0y
ns t ooy VAR ¢ Juy
nz 8 €9y [As) 4 8°C Lel 0v60-0%60 LZ-92/L Bokt Jug
ne € 00¢ L1 90°0 70°0 62 81T JuL
ne not 8¢ (4 1 10°0 £0°0 10°0 ST (98 0v60-0%760 LZ-97/L ooy o0y 200
'8 £9°0 607 juy
6 £Y°0 9¢?7 % L2-92/¢L ooy Jui-o3y
s V4 00t1 1z 0S°0 3uy
nz 11 0801 £9 71 70 LET 0E€01-0€01 £T-92/L o3y Juy
ns S 009 $°6 £2°0 70°0 €S0 12¢ ug
9 a1 108 79 L S0°0 61°0 1070 90 9¢T 0€01-0€01  £T-92/¢ oo ooy 100
(1/3n) (1/3n) C1/3m) (€ RER) (1/34y GTEDE mq\mmv (1/3ay (1/3Wy (wojsoqumn)  swiy, BIB(Q AJOIEBI0QE] 481dWEeg 31 duEs
qs IN v se /8u) SSL 4-TE30] N- OZ+NOZ N-£HN eprionid puod
ssaupiey

8861 ATnr ‘ooTeIUl - S3Tns|y GHQEMm wuﬂmoasoo sTel9y Jtwisd pue A1jsiwmsy) Teisusag - g a{qel

20



papsaoxa JTwi] 3TwmIad - 4+

‘¢ BIQEBL UT peqrIosep Se sasA[Euv JI9Ylo TIV 0dTelu] Aq STSATRUR - +

-pe7]081100 10U 3Ie ITQqEI
uT sen{ep *77/8n QOwi-00w ST UOTIRITUSDUOD IBTLM BYTIUT Tensn

qey s3xodox 0O1RIUT  CPOMOTTER JodEM OYEIUL ULl [V 10J UOTI0AIIOD - 4y

ueyl SS9 - 1

G/sq1 171 o1 3twi| suaihd(e)ozueg oyl Jursesidul
109338 UT SPM 86T1-88 9@ "ON I8pIQ uoridadsur oyl Juranp -

iuow xad semwI) ¢ ueyl a3ow /3w O] POOOXD 30U TIBYUS - i

paX

118 - — (Aep/suol) UOTIONPoIg
950 073 TUOW 09 -- -- (aoW) LT
8704 f0°ML S 0T $8°%T 0°27¢ f0°¢T 877 ‘7€ (o)
- - (1) sanjexsdus]
0°6 - 0°9 06 - 079 30
AR AV 0" ¥6°9 uTyITA S L f9°L LAFARE AN a3uex a3l UTYITA (-n°s) rd
69 f01¢ ntont 00% 007 (TWoOT/#) mIoJT{0) TRI8g
1 %0 ot of1 51 10 7 ‘% % ST (1/80)
L9 5070 VAL IR VAL 0s 0 001 ‘0ST 002 (a/ssat) eseal) pue 110
ns fns nz nz 001 ns £ng 7402 (1/3n)
0°0 f0°0 0°0 ‘070 ne o neso T°0 AT°0 9711 FARS (a/sqr) aprTuRA)
ng z 11 1 1z Rt 56 14 (1/3w)
6°ST €6 6L Ly 107 tuow ++ 1501 ++ 10L SLm 0s¢ 00¢T 059 (assat) SS1
1€ 877 6 2 57T 0570 0 660 980 (1/%w)
Gyl €T S et (o1t 103 Luou 34 12 8T 8T 00¢ s34 (a/sqr) epranolyg
[\l €5y 00¢ 782 00€T 0901 009 108 ("1/3n)
61 17 a1 €1 103 TUOW vEoS9 4+ €5 4+ 0¢ ++ 0% +x O At (assat) Uty
3 8 € n o1 Cl 1T < n ot (7/8n)
00 0°0 070 00 770 90 €0 nso Lt g1 (assar) 1899IN
ns nz nes ne ne nzg ns 9 (1/3n)
0°0 0°0 00 0'0 neo AT0 ngo £°0 96 € (assq1) Auourrjuy
-~ -- ng ne + €7 -- oY as (1/8n)
00 070 0°0 (AN noto 010 2:l1°0 (assqy) sua1id(e)ozusg
STSATEUY  STSATEUy STSATedy  SISAiwdy WD L X O STSATeuy  SisAleuy SISAlEUY  SISA[BUY W Xe)  OO0CA0AY S3TU 19315weIed
[Phig-atisy A3ot100% ooTwul ABo1007 A1TRQ [plg-sting ABotooy 007BIUT A3ot007 Arteq A1teq
ajdmes ooielu] aTdiieg A80100% SITWL] STAWES OO EIUL S1dmeS ASG1004 SYTET] Jiiasg
qTmIsgd S3AdN
SHAN

TSFCABIOIS - 200

TSTeno 1568 S§59904d - 100

9861 AIn[ ‘oo1eiul - uostredmo) JImrIad SHAAN/SITNSey uorjoedsul - ; @[qEl

21



*¢ooed se /3w o5 Arejemrxoxadde sem sssuplwy 200
“gooeD ST 1/8w 09 Atssmwixoidde sem sseupIey 100

sardmes 103 st %08EW YUeTd POUISK
pue vg0g1e seTdwes 103 ST 108GW MURLA POYIBK - 3

*8808TE PUE ‘[808T¢ ‘GROSIE

“96081t

‘pojuesead (THOT) TOAST 108337 POAIISqQ

sa3enIpu]

SuoTIRUTmEIUOD Wuriq ajqrqoid/aiqissod

-o1dwes 8yl Se oM S Wuelq 8yl ur

punoj ST SlATePuU® Sy} usym pasn s1 Feyi SIYL g

*gopeD Se 17/3W Qg FJO SSBUPIERY B I0J B3I RLABITID - # 1SaA0]  "RTIa3T1I2 doTsAsp 03 BIRP JUSIDIIINSUT - 3TWIT] uoTjoelap peryioeds ueyy SS|] ST
JINSVL UBYM PNTRA DOJPWIIS® UR SV}RILpUL [
SITI(IA) 8T8 BILIallXD EMTIWOIY) - ++ syajsweyed yoirw TrITDads Mol YIIm
1ng 1sA7eue Aq PSWITFUOD PUR PUNOJ JIWI] woL3dalep ueard dyy e peivaiep
SIII{A) B3I CTISITID DTUSSAY - + ajATvie JO SN[BA DO3PWIISa Ue S33EDIPUL | 30U Inq 103 pazAaTeur ses punodmod sS83WOTPUT )
98 56 #6C #S9 FAR A nn T°%e S ne i £°G urZ
(08) %00€0T(00TT)  #0ZT(TIT) #086(9T)++ net not N6t oot §°€ n ot BrRLWoAYD
9¢
(x£1) 69(x6757)  06T(x8%) 09£(:068)+ nie ar aTte 0t o T Druesy
% 0091 x 0006 n1°¢ ne N/« e ni'e 9 AUQUTY
(1/3n) sTelow queanyiod A3T1I01Ad--—mm
Nz ne ne ne ne € o€ aussiIyD
ne a¢ 4 a1 il 3 ne SusdRIYIUV( R )0ZUSY
ne ne ne ne e 61 i ausikg
% 9L x O% % 0B6E 0 ne ni ne 1¢ YT 8 suvdujuRIONT
12 ne nz nz [ 0¢ ST sudIIURUSYY
HI ne nz ne Q¢ € HT auazoniy
» OTL 2 016 i 0TS x 00L1 ne N1 ne Nz ne 9 € suayIydeuady
SHY4
(-1/8) spunodmo) NEV-----
9/t [e-9C7L 1T-9711L LT-92/( Le-92/1 93eQ
dwop-003 dwo)-003 dmo3-008 dmoj-003 1odAy
96081¢ 78081¢ 08081¢  :# 307 qe
[B38:2 1134 Agovoom L3ot100q 031BIUT £Bot007 onTeuT ABo7003 1qe]
Aueid POUISW queld PI9td 11330 200 1123300 100 1a1dmmg
1 1 [l 2T ne ne ne ns z ne (1/3n) epruedp
¢ Nnot 1 s not ne 00t no'1 ne g 8'¢ a0t auouelng-7
s 09T ¥ 00687 at n6°0 16°0 nr €1 1 71 9°1 € £y £y W10 JOoL0TY)
ns 190 190 87 1t s N 90 N19°0 [ 8¢ (628 auo}ady
nt 91 8°9 nt d 8T art a9y 419 el g4 i d oL JPTIOTYD SUB[AYIIN
(71/8n) spunodmo) YOA-----
STUSIN 3oy Stuenp IV S91 G580 §Z91 0051 S560 G091 TSETL
9T/t 9t/¢ L2/L 92/L 9Z/1 LZiL 92/L :93eq
TojemiTes ISTEAUSHId T08EH 088N qeIn qe1n qean qe1n qrIn qeIn :8dAL
96081 $8081¢ £8081¢ £8081¢ %8081¢  i# 807 4P
owwmﬂ .oﬁowm OD]EIUL ABoyooy A8o1027 0o[RIuL A3ovooy [SEI3°5 175 ) ABo102y ABoyoon oa1eu] &8ot00g A3071007 1qe]
49861 "vdid
¢ AUETE DOIBY Jyuelg PIotd 200 11B3in0 TO0 TiBIING 1a1dureg

8861 AInr ‘ooye3ul - soydureg IeleM UT punog S3ueinyiod A3TIOTId - 8 AIqel

22



s1Tnsoy

001 001 001 eoTejuUl

a1eotrrdea aed susiue8io g1 :sejedrpdea ¢ -
*3593 07 107ad odfejul pur A8Bo700% yjroq Aq pelrutioTyosp oidues S3Tns9y
*oT7dures £8o100g ut /8w QQ°( juUSWAINSEOW [ENPISDI BUTIOTUD - + 00T 001 001 ABotooy
£8081¢ 18081¢ T 807 qeT
IIAWI0RS  IIMBISEM  TOIJUOD :a1duweg

00 + 100

» FUBOTITE Z00T UT TBATAING I

(TIoUpItes oWles) INOd] MOQUIPH - SLINSAd (LNOWIVS

31npe
*1s®31 o3 101ad pejeurioTyoep a7dwes -7/8w gQrp TEBNPISSI SUTIOTYD ~ + 18d 3unok
‘uni sism Yoes wstue8ro suo jo ssjeorydex 6°G1 1°2 A Jo 4 "e8ay
us] °potgrpow AT1y3ITS 2a9m seanpacoad uBnoyire s8]
eTuydepoTiadd piepuRls 8yl Jo vaTIBIuvsaiday eq o3 JySnoys 001 001 001 TBATAING ¥
81 $3INnS81 ayj ‘swstuedio ay3 aaedead o3 pasn eanyxtw
u1peal pue I1a3eM T0171U0D BY] FUTATOAUT SUOTIEDTJIpOU
Teanpssold 3se3 01 QBT Byl Aq uni dism $3591 BTUYdEpOTIBD . 4 8081t 18081¢ 1jf 307 qEl
13MUI03S  13MDISEM  T0I3uo) :a1dueg
700 + 100
» (2rqnp eTuydeporis)) - SEINSAY VINHAVAOIddo
syTnssy
TeAtadns 766 PERY U30Q (2IBITNSOTYI UMTPOS) 001 001 001 Oo1®lUY
PoppP®R Juefe UOTIRUTAOTYDIDP YITA TOIJUOD DUB TOIJUOD - 4y
ajeo17dea 1ad sustuefio ¢ :se3edTidea v jo uwow - s x S3Tnsey
3583 03 aotad 001 S8 %% 56 £Boto0g
peleutioTydep afdues £8o1ooy /8w 9g-p TENPIS8L AuTIOTYD L8oTo0F - 4
£8081¢ 18081¢ Hff S01 qeT
IJAUIOLS  IIMBISEM TOAIUOY se1dureg

<00 + 100

JUSNTIIE Z001 UT TBALAING Z

(eudew mtruydeq paissy ODTEIUT)
(x31nd etuydeq pelisel ABolooyg) - S1INSAY VINHAVA

8861 A[np ‘00TBIUT - SITNSDY AESSPOIg 193BM - £ OTQEL



‘uni 8q 30U PTNOd 1581 ' ‘snyl ¢saioads
asayl jo iaylrtas ut Sutumeds oonpul 03 BTqEBUN SBM AI103BIOQE] OYj

(STSUSTYIBQOIP SNIOIJUBD0TABUOILG) - UTYDJI[ BOZ U319
(snjeandand snjoajuenoifBucilg) - urysapn esg ayding

- SLTASEY WIIQONIHDA

*poumsse
ST A3TUITES MO 01 anp UOTIBZI[1149) aood os fasuodsaia
IBTIWIS ®B DPBIIQIYXe ‘Iajem pazTuoTsp Yitm A3jturres iedoad ayj
03 poasnfpe aism UYdTYm °sS3ss] Toajuod syj] -ise] aidues
%67 9ya Ayejewmixoadde e paInodo (UOTIRZITIIILI %06 < )
uotjonpoadar poos -3dd g1-GT IO AITUITES B Ul Pal[nsax sy
c1e3emeRs %06 - o(dwes y(¢ sem peisel ag pinod eyl sjdues
JO UOTIBIJUSOUOD WNWIXEBW BY3 ‘AJTUTTes Aldues MOT 03 8NP - yx
sojeo11daa 881yl jO uedwW -
*3s93 03 101ad pojeUTIOTYOep Bidweyg -1/3w 9g°Q [ENPIS31 JUTIOTYD - +

gzl 0°62 062 24071
0°9 S°71 At OFON
200 100 10243u0)
£3TUurTEs atdwes zsyiis 103 ssuodssa
51X03 3jued13jIuldIis ou
VANAY VARA% [yAY 170 £t <t (AR 8°0
L°9¢ £ re T vt S'1 £t £y 7°C 9°1
9°1¢ 7°7C 0°0¢ 0°¢t £y (AR [V 1€
£ ey 6" 8¢ 6°9¢ 0°9 7'E 9°C [ £°9
0°0S 9°¢g [ANA [ RAl 1y 'y 0°9 AR At
1°9¢ 1°2¢ L°9§ Y4 8° Ly 1°6¢ S'hS ST
£°79 7°0L 1°¢9 0S £°66 L°66 0°001 0S
xx OQWES % xx D[AWES ¥
£8081¢€ 18081¢ tff 807 Qe
AJMUIORGY  IJMBISEBM  TOIJUO) IMUIOTS  IIMBISEM  TOIJUOYH
Z00 100 L3tuttes :a1dueg 700 + 100 Ajruties ro1dueg
v S88Y PezIlIlIajufn JO ¥ uesy w S88Y Pe®zZI[I3A=Juf] JO g UEBK
SILTNSHEY O0DTVLINTI S1LTnsay A95071T0D04d

(StoTa3USOXe Jegseapus() IB110Q PUES - SLINSHY WHHUONIHDH

(PenUIiU0)) 8861 AIN[ ‘onTRIUI - $ITNSDY ABSSEOTY a91EM - 6 OTQEL

24



sSuSTURSI0 ol 3o %0¢ SuT1983Iy UOTIRIZUSOUOD - OGDH
ustIRvIJUSOUY) $309330 PRAIDSGD 1ISIMOT - DHOT
QOTIBIIUGOUCD $3D93IFF POAIASAQ ON - DION

{%) A3T7PmIOUQY

001 X = 8N ueoy =+t
poiydten
(%) A311E330H
001 X _3uiatadng @pade] JOJJUOD 3O IaqUENN uwsy - | B JoN BN - 4+
A3TuTTes #07 01 ONp P3ISO] 3G JOU PINOD Yo uely iejEed SUOTFBIJUBOUOD -
(0861 “WISV) SIINS8I 93BPITea 03 ITWIT %0E OUI Uy J93Eald AT2y811s A3rTeasom
Ues& OoTeIUl  c[OXIUOD J0J pelsTT AJTTRUIOUGe ueem peludian pue Ay1[wiIom uesm - %
%TE< %8° LT 0803
%Lt %LE 0301 K3101%03
%01 %01 OJON Stuoxys jusiedde ou - 8F1RUDSIDP 70
- poirjam yeorydesd syy Buisn 457
z00 100 8q 03 PeleWIIS® 0GDF ~ OBIPYDISIP 100 A3101X01 ®Inde jusredde ou
00 . ] * £ fARA S0°0
00 00 L1t o 00 00 0°0 0°0 1°0
0 0 00 791 1 0°0 00 0o [ 1
070 00 81t S 0°0 (281 00 0°0 S
00 00 0°0 01 0°0 84 ] 070 01
7°1¢ 866 oo A" 00 00 00 12 ¥4
61T c'el o'g L1 oy
¥ 179 x 87°8¢ w176 R 9°G61 001
B xx STAEES %
EBOBILE 18081t £8081¢ 180BILEL T¥ 907 ¥l
AIMRIOTS  IIMBISEN  yoeYD IWMLIOTS  IIMBYSEM NOOUD IIMIIORS  IIMBYSEM  HOBUD IIMUIOTS  IIMIISBM  NOBYD
200 100 A3yuttes toxjuop 200 100 A3TutTRS  [OI3UC) 1a1dmes 700 100 A3turres  oxjuo) 200 100 A3iurTes  10I3u0) ra1dues
+ (%) A3T{U3II0N 35N Ueap ++ (%) AIT]PGIouqV joN Ueap paigsioq + (%) AITTB3IION I8N Urey
SLTANSHY O00TVINI SLTNSHY ADO0TO0OOH

(se313 warysosses)) 193s£0 OTFIORL - SITISHY AVANVT TATVALL

(panuTIuO)) g86T AInr ‘ooTeau] - SIINSVY AESSEOTg IojeM - 6 S[qEL

25



SBUBLIURION[ JOZUDY T30} 2I2 DFON YOV bue ‘Igv ‘siTnsal 4307100F -

(DHON MDV) UOTIRIFUSOUO) $I9833F STQEAISSGQ OF OTIBY OTUCIY) 01 BINOY SPIdIAd - +

(IAV1) piousaxyy s109333 3usreddy 1S9MOT SpesOxs - i

onTeA POILWIIS3 {SISATRUR 114 $IDUSILIINIUT S ¥ M

saanowmered yojeu [exloeds #O0T AT
anq IsA(RUR Aq PBUWITIUOCD DUR DPUNOJT
31ATRUR JO ON[RA POIBWTISS We $IILDIPUT K

ueTIRUTWEIUODY Wire[q aigeqoid/e1qIssod
sa1edtpu]  -ardmes |yl Sse [19M SB Nue|qQ 2yj ut
punoj st a1A71eue a8yl usus pesn s BFe(y sTYL €

ATWIT UOI}0e38p peTjioeds eyl ssey ST
1InSal UsUs SNTRA DITVWIISS UE S9IBOTPUT [

JTWIT UOTID038p ULATS oyl e pojdelep
1qou Jnq 103 pazA{rue Ses punodmod S8IEOIPUT [}

00901 9L DOLET 01571 oome 0119 ouTTe 0zoTn wouTIm{y
091 0Ty [ 9762 S04 065 nTE [A:Y4 2729 £ 8% Uty
6£°0 £2°0 ano 7170 nogo 1 €170 870 €10 N1y TeyL
noro "0 n 620 S0 nero 0o 0 0g o 70 mmiuaiag
"1 ol PAL + 0782 +7hen +0°'89 + 6°M1 + 7°0% + 6°6¢ + 8°0L ToAOIN
1270 0 nito 28070 10270 £L0°0 n60°0 S20°0 910 S£0°0 Aanoxep
9% ] (ALY %1 1°6 L 7 £°7 101 78 pee
ogl 06¢ ¢'9 68 161 £Z [ 88 w1 1°92 aaddop
Jx4 092 [AFA¢ [ + 8°6¢ + 0 2781 7761 + 7T [ Y4 TNTHOIYD
12°0 w0 0£°0 90 9¢°0 £°0 n9z'o 670 umy{1Areg
29 s 8'7 M 9T 9°g Mg (48 M1 09 €9 JTudsIY
(34 Aap 3y/3w) sye3sw Jueaniyod A3TI0TIJ --—-m-m--m-
06¢ ne 2U03Y UTIpUR
022 a1t aad-, vy
{nuw ozt ec { o n 0zz 4571 -101 204Y
ole ogt { w+{ 00TT x+{n 21 8421 ~X01201V
sgnd 1E10L {9 azeL 5 { oottt { ootz =+ 00081 2+ 0008% 2921 -107001Y
(3s Aap By/3n) spunodwoy gdd/3IS8d ----------
092 09 9 H §1 16 58 o 005 %+ 0O0LE 2+ 00058 auatAzad(1‘y‘8)ozuey
16 0£7 n L9 n et nze 091 012 x+ 00068 o+ 000SE suwvEIUY (Y R)0ZUIqIq
097 009 N n el 011t K 021 oL 009 wt 000611 s+ 000E6 BUBIAJ(Po-¢ 7 T )ouspul
09¢ 0091 n 9 133 T 052 ot 016 09 »+ 000022 »t DDOOLL uaafg(w)ozusg
066 007t we{ O L9 1€ W 22 017 097 0t5 088 s+{ 000011 »+ 000081 xy OudYRURIONT J(F)0o2Usy
w019 € 00¢ 0071 { 000092 wy duaUIURIONT I(q)o2uUsy
01¢ 00¢€1 n o ogt 81 65 iRA 8% sy 1 00ty %+ 00LT aereyayd(14xeytAyai-z)std
06 oon1 n L9 Al 92 (o313 081 08L 097 2+ 000012 2+ 000021 suaskIyy
018 00tl L] 6¢ 92 097 (131 08 oh w+ 000002 #+ O000E£T dusdRLuy( v )ozusyg
0091 0097 119 8L Gt 08 o7 on6 oLL s+ 00002E %+ 000027 auaild
000¢ 00:1 n 16 09 079 08¢ one 086 xt DO00SE »+ 00001E ausyjuRION]d
00g1 096 n 9 1 n et 1185 ot 96 42 wt 00068 =+ 00079 QUBTRIYIUY
069 0061 n L9 9 LY + 0/8 097 08y oLe »+ 00009¢€ 2t 000092 susIYIURUSYY
09¢ o a L9 a et 061 W 8T A W (2 2+ 0006% s+ DDO6E suaxoniyg
01 ons nw n it s¢ 1T [1}4 WEl s+ 00091 2+ 000€1 ueinjozueqid
00¢ 005 o9 ne 53 W11 09 W 8¢ 1t 000ZS st 00062 auatydeuasy
o6l 019 n 9 n et nae n et o 001w i 096 susTeyiydeutAyion-2
oLz 0012 ns a et nzz n et fi 00€8 +H 00L1 auateylyden
(an Lap 3y/3n) spunodwo) YNg ~---m-mmnm
8'9 48y d 69 q48°9 4%t BpTIOTYD JUBTAYIGW
169 87 nes £T not 22 nses €S ns°s 8U0380Y
(an Lap B%/8n) spunodwol VoA ---mmm----
Lee 8 718 €9 66¢ 08 fAVA] 1131 (Im Axp 3y/3w) spraoniy
nsro 01°0 ngno 87°0 nsto 50°0 n 8o 9¢°0 (am Rap By/3w) spruehid
4] 96°0 0't 1571 $°0 Lz 0 £1 171 (stseq A3p %) DOL
7'y L€ 2761 et 771 1 801 £ 1 £e10
€01 66 965 076§ L8 29 71 g g ey 3I1IS
£°58 798 (A4 £°92 6'68 £726 865 '8y pues
(A3 > > > 14019
(s1seq AKIp %) @2IS uleIH
1762 LA 164 €799 67 LL S'1L 9766 o nL SPTIO0S %
£2-m-121 71-€9-271 HG-T-221 20-EN-2LL (ves-utw-99139p) apnITUOT]
12-15-8% 19-05-8Y 17-06-8% 67-0G-8% (oos-utw-saidap) epnirje]
C608TE 76081 608 1L £6081E TF 807 e
(98861)  (48861) £3o10037 021E3UT A3ot10037 od7e3u] £3o100% ooreaul  AZojooy oo[egul £3o1023 :4103230QR]
+ % quetd
DdON ¥V I3Vl pougsy HOBYUDBY - JUSWIPIS PUNOISROeY 700 JUsmipas 100 Jusuipos 1U0TVERS

8861 AInr ‘odTeaul - sardwes juswIpes uT punoy sIsjameled - 0T 9IqRlL

26



Table 11 - Sediment Bioassay Results - Intalco, July 1988

AMPHTPOD RESULTS - (Rhepoxynius abronius)

7% Survival *

Ecology
Lab Log Ecology Intalco
Sample i# Results Results
Control 99 98
Background 318092 78 **% 93
001 318093 84 53 +
002 318094 93 92
Recheck 318095 97 95

* - average of 5 replicates of 20
organisms each.

** - one of the replicates had only
407 survival. Average survival
of the other 4 replicates was 88Z%.

+ - one of the replicates had only
107 survival. Average survival
of the other 4 replicates was 647%.
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Appendix - Ecology Results of VOA, BNA, Pest/PCB and Metals Priority Pollutant Scans
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